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" INTRODUCTION

Thisvrepdrf coyersyresearchiacflvlfies during the-period June I, l97l,
through November 30, I97l,~fer:+hefprdjecf entitled "EnVlronmenlal Microbiology
as Related to Planelarylouaranflne." ‘These’sfudles were.conduc+ed.by the
Division of Environmental Healfh,>School‘of Public Health, at the Unlverslly of’

- Minnesota under .the ausplices of the National Aeronautics and Space Administration |
.and Lawrence B. Hall, Planefary Quarantine Offlcer.
This is the seventh semiannual’ reporf of progress on NASA prOJec+
NGL 24-005-160. A Iimited number of earlier réports on this project are available
for those who do not have a complete set bul who wish to obtain all of our proce-
dures and results in a given area. .
The results of our studies to delermine the effect of soil parllcle size
on the survnyal Tlme,a+ 125°C of the mlcroflora associated with these particles
‘are discussed in This'repch. The data suggest that longer survival flmes exist
for the microflora associated. with the Iarger particles. It seems approprlafe
lo briefly review dry heat sterilization and then fit these dafa into lhaf picture.

One basic characlerisflc of s+erl|lza+lon processes |s that The lnTenSITy '
of The process necessary to produce a glven probabil ity of sferlllfy is a ‘function
of the microbial Ioad and the. physlcal and chemical characler|s+|cs of the unit
'being slerillzed. Dry heaf slerlllzaflon processes appear to fil the palfern,

for organlsms in garden soil or Cape Kennedy soll, very long slerlllzaflon cycles
at high temperatures are required to produce the same probabnl:ly of sterility _
that can be achleved for naked organisms with a ‘short sterilization cycle. There-
fore to sterilize space hardware, there is a wide range of sterilization cycles '
possible dependlng on the nature of the mlcroblal conlamlnallon However, in

all cases the sterilization’ cycle is determined by the nature of confamlnallon

In designing a heat sferlllzaflon cycle for space hardware, the quanllfy of
contamination on the hardware can be measured and then the cycle desngned or
the:sterilization cycle (whlch will place llmlfs on The confamlnaflon) can be
' -specified affer which the manufacture and assembly conditions musT be desugned

fo meet  the contamination requlremenfs. '

The studies Thaf have been carrled out lndlcafe ThaT mlcroorganlsms associated
with soil are dlfflcull to kill and that organlsms aSSOC|afed with large parflcles
are harder To klll lhan those assoclafed wlfh small particles. It is our opinion
that all of the NASA dry heat research points out that sterilization reqU|remenTs
increase as the Ievel of confamlnafvon Increases. Soil par+lcles and their
accompany ing chroflora are the most critical contaminants.

: .



Researéh supported by the NASA Planetary Quarantine program has made a '
major confribution to the overall knowledge of the dry heat destruction of micro-
organisms. However, these data are also valuable to other scientific disciplines.
At the present time researchers that are working with biological materials, i.e.,
food and fiber systems that are subjected to heat treatment at low water activities
are examining the data that has been generated by the NASA Planetary Quarantine
research program to learn more about how moisture may affect biological reactions.

There are still a number of problems relating to the dry heat resistance of
microorganisms that need to be evaluated; one of these relates to the systems
being used for gathering dry heat resistance data. Researchers in the several
laboratories participating in the NASA program for developing basic data for the
design of dry heat sterilization processes have all been working with the éame

species of microorganism, Bacil lus subtilis var. -niger; however, each laboFaTory

has used their own unique experimental dry heat test system. The results of the
cooperative study between the Unlversity of Minnesota and the U.S. Public Healfh
Service, Phoenix Laboratory described in Progress Report 4 indicates that there
can be differences in the reéulTs obtained using different test systems. We have
developed several different systems for measuring dry heat resistance of micro-
organisms under different conditions. An important future objective of the
University of Minnesota Planetary Quarantine program is to extend the environmental-
condition capability of these different systems so there is an overlap.. We will
carryout tests in both systems at the same environmental condition. The results
will be used to identify those system parameters that are responsible for these
differences and perhaps at the same time to illustrate heretofore unknown variables

that affect the dry heat destruction rate of microorganisms.

I. J. Pflug



'SURVIVAL OF MICROBIAL SPORES UNDER SEVERAL =
TEMPERATURE AND»HUMIDITY.CONDITiONS

Project Personnel: . -G. Smith, I. Pfliug, R. Gove and Y. Thun
ST 'Div15|on of Environmental Heaifh o

Projecf Confribufor:;,R. Jacobson
R I Division-of Blometry

INTRODUCTION

In previous progress reporfs we have described and reporfed on experlmenfs
carried out to measure the survivai rates of Baclilus subtilis var. Elﬂﬂﬁ spores -
which were suspended in soiufions of sucrose and glyceroi which had ‘been ad justed
to water acfivifies of .85,..90 and .99, and heated at temperatures ofv45, 60, 75
and 90°C. The final reporf'Of'fhese experimenfs will be presented in Progress
Report #8. ) : ‘ | ' ‘

~ This reporf Is concerned wifh'acflvifies carried out to determine the
effect of the femperafure and relative humidity of the surrounding atmosphere on

the survival of Bacillus subtilis var. niger spores. These tests were performed

in the confrolled environmental chamber described in Progress Reporf #6 at tempera-
tures of 75 and 90°C and_af relative humldlfies of 15, 35, 55, and 75%.

OBJECTIVE
The obJecfive of this task is ‘to determine -the effecf of fhe relative

humidify of the afmosphere af femperafures of 75 and .90°C on fhe survnval of spores

deposited on - surfaces.

EXPERIMENTS*PERFORMED'AND RESULTS'OBTAINED

The test procedures used in performing fhese experimenfs were’ descrlbed in
Progress Report #6. All tests were conducted using spores of Bacillus subtilis

var. niger deposited on sfainiess sfeel strips. lnlfially, three replicate strips
were heated per time- infervai in. some Instances there was an unexplalned varia-
tion in The survuvai of spores on fhe replicate strips; therefore the number of -
replicafes per heating time was . increased fo five. Table |.| summarizes the fesfs
complefed to date. ‘ , , o

Four tests were performed at 90°C and 75% relaflve humldify The D-values
and the dates the tests were performed are lisfed in Table 1.1; the surv ivor
curves are shown graphlcally in Figures I.1-1.4. The differences befween_fhe'
survivor curves obtained early In 1971 (Figures I.l and I.2) and those obtained

late in'l97l (Figures 1.3 and‘|.4) are unexplained. Additional tests will be



conducted in an effort to determine the cause for these variations in results. |In
Figure 1.5 are shown represehfafivé survivor curves for 15, 35, 55 and 75% relative
humidity at 90°C (survivor curves for the 15 and 35% relative humidifiéé_were reported
in Progress Report #6.) These results are ¢onsistent with the results from tests
conducted at 22, 45 and 60°C which were presaated in Progress Reports 3 and 4.

Survivor curves are presented in Figure 1.6 for tests conducted at 55 and 75%
relative humidity at 75°C. It Is interesting to note that at 55% relative humidity
there is a difference in the shape of the two survivor curves; tests were carried
out in May and September. The difference In shape parallels the difference in shape
found at 90°C (Figures I.| and 1.2 are a different shape than Figures 1.3 and 1.4).

At both 75 and 90°C the time required to produce a specific reduction in the
number of surviving organisms increased with decreasing relative humidity. The data
at 75 and 90°C are summarized in ngure |}7 where the time for a two-log (99%)
reduction in spore counts is plotted as a function of relative humidity. At 90°C
the time for a two-log reduction in number of survivors is 8.5 hours at 75% relative
humidity, 65 hours at 55% relative humidity, 190 hours at 35% relative humidity, 300
hours at I5% RH and 53 hours at 1.5% RH. Data at 1.5% RH have been included on the
graph; these results were obtained using the hot plate-boat-planchet system of
heating. At 75°C the time required for two-log reduction in viable spores is 9| hours
with a change in relafiVe humidity from 55 to 75%, the rate of reduction increased
by a factor of 5 at 75°C and by a factor of 8 at 90°C.

In Figure 1.8 are plotted the D-values obtained at 55 and 75% relative humidity.
The resulting z-values are 11°C at 75% RH and 17°C at 55% RH. Angelotti found
z-values that ranged from about 20°C to 30°C for a range of water activities in
epoxy plastic. In wet heat the z-value is about 10°C. Therefore, our data is
consistent with other data and it all suggeéfs that the z-Qalue may uniformly

increase as the relative humidity of the system decreases from 100%.



Table 1.1 . .

Summary of Survivor Tests Performed on Bacillus subtilis
var. niger Spores in the Controlled Environmental Chamber

‘ . No. of D-value } 95% :
Exp # Date Replicates Temp. | RH. | In hrs. - C
GSI063A |  3-4-71 3 90°c |75%| 5.7 | 4.6-7.5
I110A | 4-20-71 3 " w43 | 3.5-5.8
1306A | 11-2-71 5 meo o 1.8 1.6-2.1
1508A | 11-4-71 | 5 " LI [.2-1.6
13138 | - 11-9-71 5 " 556 | 28.1 | 24.6-32.7
1320A | I1-16-71 5 oo [ 32,9 | 29.6-37.1
1012A | 1-12-71 3 o |354) 76.2 | 64.6-93.2
1089A | 3-30-71 3 o " 65.1 | 59.4-72.1
13350 [ 12-1-11f 5 mo | v | 6.8 | 56.3-68.4
03420 | 12-8-70| 3 "o [is5g] 121.3 | 103.6-146.3
1236A | 8-24-71 3 75°C | 75% | 60.6 | 46.1-88.7
1134A | 5-14-7] 3 L™ |55%] 250.1 | 208.3-313
1274A | 10-1-71 4 wooof ] 17006 | 153.9-191.5
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DRY HEAT DESTRUCTION RATES OF MICROORGANISMS ON SURFACES .~ = |

Projeof Persoﬁnelz G. Smith -I, Pflug, S..Maki
: o R. Gove and Y.. Thun_ :
Division of Envnronmenfal Healfh '

Project Confribufor:' R. Jacobson
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‘INTRODUCTION

The results of our prelimiharyvinvesTJgaTion‘info Tﬁe“survival_charecferisfics"
of microorganisms in soil when subjected to dry heat appeared In our-siXTH progress
report. These resulfs suggested a'pOSSible_relaTionship beTween particle size and
the number of'surviving’colony¥forming units. During.fhis reporting period we have
carried out the following four dlfferenf groups of exper|men+s de5|gned to elucidate
the characTerlsTIcs of mlcroblal spores assocliated with soil particles: 1) the
effect of parflcle size on the dry heat desfrucfion of spores; 2) the survival of
microorganisms conditioned in acidified and non-acldufled.wafer,.S) the survival of

microorganisms in Cape Kennedy soil treated .in the clean room and glove -box; and

4) a comparison of the survtval of - mlcroorganisms in Cape Kennedy sonl with The

survival of mlcroorganlsws |n a MInnesoTa soll

OBJECTIVE .

The objective of these sfudies is to develop a better undersfandfng of the -
resistance of mfcroorganisms'ih»soir to desfrucfion by dry heat. We are specifically
éTTempTing to determine whether There.is a relationship between the size of the soil
particles and -the dry heat restsTance of The spores attached fo or enclosed by these

parflcles

EXPERIMENTAL PROCEDURE

In all of the dry heat survival tests conducted on microorganisms associated
with soil, the plancheT—boaT-hoT plate system described in Progress Report #3 was
used. The hot plafe temperature was 125°C. All soll was suspended in 95% ethanol.
The experimental design and procedure are reported in Appendix A. Both plafe count
and fraction negative assay methods were:ufi!ized. Our entire microbiological
analysis procedure was carried out in a class 100 laminar flow clean room under ar
operational Tegime that offered minimum opporfunl+fes for cohTaminefioh »

Some of the inoculated planchefs were processed using the fOIIOW|ng plate
counT assay method: , ,

i. The plancheTs were insonated for two. mnnuTes in 25 ml of buffered

13



distilled water.

2. Duplicate 10 ml aliquots were plated using Trypticase Soy Agar.

3. The plated aliquots from unheated soil were incubated for 48 hours at 32°C.

4. The plated aliquots from heated soil were Incubated for one week at 32°C.

The remainder of the inoculafed blanchefs were proceésed using the following
fraction negative assay method: ‘

I. The planchets were placed intfo 25 x 150 mm test tubes containing 10 ml of

Trypticase Soy Broth plus .04% bromcresol purple and .005% alanine.

2. The tubes containing media and planchets were incubated at 32°C and were
observed after |, 2 and 3 weeks.

3. Those samples with questionable growth were subcultured on TSA, TGY and
supplemented TAM agar plates. |f no growth was observed, the results were
declared negative.

In tests SMI201A, B, and C, the negative samples were reincubated at 55°C for two
additional weeks in an attempt to detect the presence of thermophilic organisms. No
additional positive samples were found.

In our analysis of the data from tests where the number of survivors was
determined by plate count procedures, we used plate count numbers as low as one colony
per plate. When we used three planchets per boat and two boats per heating time,
twelve plate count values were available for each heating time. |f there was one
colony on each of the twelve plates, the estimated number of survivors per planchet
was 2.5. However, if there was only one colony on one of the twelve plates, then
the calculated number of survivors per planchet was 0.2. In our results we are
utilizing all data including those data where only one of the twelve plates has one
colony.

In the fraction negative studies we utilized either two or three boats per time
and four or five planchets per boat. In all cases the minimum number of planchets
per heating time was ten; twelve planchefs per heating time were used in most of the
fraction negative work. The fraction negative results are quite consistent with the
plate count results; however, when we used the fraction negative method it was possi-
ble to explore the longer times more efficiently than when the plate count method

was used.

Effect of Particle Size on the Dry Heat Destruction Rate of Microbial Spores Asso-
ciated with These Soil Particles

In Progress Report #6 we described preliminary dry heat resistance studies in
"which we evaluated Cape Kennedy soil that had been separated into different particie
sizes by a sedimentation technique. These preliminary experiments showed a trend

for the organisms associated with large particles to be more resistant to dry heat
' ' 14



.fhan those organisms associafed with small particles; however, +hebresul+s were" i -
-inconclusive. | | o S '

We have developed what we: belleve is an improved method of parflcle size '
separation: tncorporaflng bofh sedimenfaflon and filtration procedures (see Appen-
dix C)
whuch had been separafed into different particle sizes using this new procedure

The. experimenfs descrlbed bélow were performed uslng Cape Kennedy soil

We carried out two differen+ separations and each separation resulted in
>10-<43;

was titered and the concentration adjusted so that each sample would have approxi-

" three parTicIe sizes: >3-<10; and <3 microns. Each fraction size sample
mately the same number of colony-forming units per unit volume as determined. by

the plate count method. it after two adjustments the obtained titers were rela-
tively close or favored.the smaller-fractions, no further adjustments were made.

IT should be noted that there were problems encountered in titering all fractions
since the growth of some colonies spread widely during the 48-hour incubation
period. Spreading'éOlonies were not observed on plates containing heated soifl
.sampies. |
Each

Deposition

Duplfcate dry heat tésts at. 125°C were conducted on each separafion.
test used both plate count and fraction negative assay- prOcedures
and equilibration of the soil suspension, the heating and coollng of the boats

and the processing of fhe plancheTs were carrled out in the Iamlnar flow clean
room operaTed at apprOX|maTer 23°C and 50% RH.

A summary of the parTicle size experlmenTs is shown in Table 2.1.

, Table 2.1
Summary of Particle Size Soil Experiments
Test Spore Parficle_ . Number of unifts
number code . size - Plate counts Fraction negative
SMI|87g WAEIS : ?igu:?gu 2 boats/time 2 boats/time
c b »“<3uu planchets/boat planchets/boat
1 . — — .
MIZOIAL WAEIB  210u<4% | 5 yoate/tine 3 bosts/time
c 0 <3u planchets/boat planchets/boat
M1 TOAA2 ' - . ‘ o - .
SM|194Q : WACIS >igﬁ:?gﬁ 3 boats/time 3 boats/time
o b <3y planchets/boat 4 planchets/boat
SMizo8A®  WACIE ~ >10w<t%k {3 boats/time 3 boats/time
C D A“<3uu_ planchets/boat ‘planchets/boat

lseparation: |

25eparation 2
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n The plaleecounl survivor- curVe test results (shown in Figures Z'l 2‘2
2.3 and 2.4) we observed that. there was a consistently larger number of survnvlng
uorganlsms associated with the large particles than with the medlum—size particles.
This same type of relationship existed between the medium and small—snze parTlcles;
there was a. larger number of surviving. organlsms assoclated with the medium size
‘par+|cles than with the small-size parflcles. The dlfferenoe appeared at the -
shortest heaflng time of /4 hours and reached a more or less stable condition at
1/2 or one hour. . Following heallng times of from | to 8 hours, It appeared that
a stable pafTern developed where the relative number of survivors was highest for
the largest particles and lowesl for the smallest parllcles. We found this consis-
tency in all four experiments which consisted of two different separaflonS'and two
tests for each separafion5 There was some variation but We feel Thaf consldering
all of the manipulations required, the consistency of these data subsTanTlafesh
the fact that the differences in survival associated with particle size are real;

Usinnghe fraclion-negafive'mefhod we explored'heaTIng times of up fo 48

hours. The resulfs of these tests are shown in Figures 2.5, 2.6, 2.7 and 2.8.
There were survivors associated with the large parficles inall TesTs at 32 hours
and in one. test at 40 hours. For the small particles we found no survuval at 4
~hours for one experiment, 6 hours for one experimenl and 8 hours for one. experl-
ment. . However, in.the fourfh experiment there were survnvors at both I6 and 32
hours In summary, about 1% of the viable- populallon assocualed with large parti-
cles survived one hour of heating whereas approxlmafely .04% of The v1able organisms

assoc1a+ed with the smal | parlicles survived one hour of heallng

. Discussion

~The fact that we found a‘less-resis+an+ population associated with the small

parfucles suggesfs that we have either a more resistant fraction aSSOC|aTed wnTh
the large parllcles,_or, If the same type and number of organisms -are assocualed
wllh all parllcles,:fhen the large parflcle affords protection for the organisms
during the iniTial heafing period. The data suggesT that all organlsms that are
_unable 10 'survive one hour at 125°C will die at about the same rafe ‘regardless of '
whether they are assoclafed with small, medlum or large particles,

' The initial viable count was approximately the same for all of the parflcle
sizes that we evaluated. _The;number of survivors that we observed was different

in that the largerparTiclesfhad[aslarger number- of .survivors than the small sizes.

17
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The question can be raised regarding whether we were counting the same initial
number of organisms in each case. Since we were dealing with microorganisms associ-
ated with soil particles it is possible that there were more spores associated with
each of the larger particles than with each small particle. We believe that it is
real istic to assume that in many cases there was more than one spore associafed
with a soil particle and that not all of these particles were broken up in the inso-

nation process carried out prior to dilution and plating.
| The work carried out here is relative and relevant to actual spacecraft
conditions since we measured initial numbers in the same way that initial numbers
will be assayed on the spacecraft. Our organism counts associated with large,
medium and small particles are representative of organism counts that will be found

on the spacecraft for the same range of parficle slzes.

Comparison of Survival of Microorganlsms Conditioned in ACldlfled and Non-acidified
Water

In the previously described study we found that the microbial spores associ-
ated with the iarger particles survived a longer dry heat treatment than the spores
associated with the smaller particles. |f we assume that the spores are randomly
distributed with regard to dry heat resistance on and in soil particles of a similar
size, then it would seem logical that the difference in dry heat resistance observed
is due to some special relationship of the spore and the soil.

I+ wasATheorized that the Cape Kennedy soil particles were a mixture of water
soluble crystals and water insoluble particles. The spores would be inside water
soluble crystals or inside soil particles where both water soluble crystals and
insoluble particles are cemented Togefher by water soluble materials. If this was,
in fact, the situation then we would expect the dry heat resistance of spores
associated with large particles to decrease after a waTef soaking treatment.

Two sets of experiments were carried out to determine if the survival of
microorganisms assoclated with soil particles is altered by holding the soil in
water for a few days.

Procedure

A sample of Cape Kennedy soll containing particles ranging in size from 10 fo
30 microns, was suspended in ethanol and then divided Into 10 ml aliquots. The
following conditioning procedure was carried out at two different times; two ali-
quots of this suspension were used for each time.

Two 10 ml samples were centrifuged and the excess ethanol decanted. The two

samples were then placed in a vacuum dessicator at a pressure of about 5 in. Hg abs.
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for 96 hours to remove'fhelremalnlng ethanol.

Flf'l'y mi of sterile distilled water,

Whlch had been adjusted to a pH of 5.5 with 0.1 normal (N) hydrochlorlc ac1d (HC 1)

and which contained 0. OIZ% bromcresol ‘purpte (BCP) as a pH. lndlcafor, were. mixed

“with the two. samples.

The pH of. a condlflonlng ‘soll sample was defermined by com-

parlng +he color of the sample with a set of BCP. pH color standards.
When soi| was added to The wafer the pH Increased to above 7. O as lndlcafed

by fhe color ‘'standard and about 8. O-as: defermlned using ‘a pH meter.

In one sample,

the pH was adjusted periodically.with 0.1 N HCI o try to maintain a pH of 5.5. In
the other sample the buffering action of the soil was allowed to. determine fhe pH

of the suspension.
the water was removed from the sample using a“ .45 micron screen filter.
the conditioning water was_measured and recorded.
dry. for 18 hours and fhe.soil»was removed by‘lnsonaflon in 95% ethanol.

of each-soil-ethanol suspension was made up to 10 ml. _ :
A total of 36 drops of 0.1 N HCI was added during. the first condlflonlng and

' The final pH of The water was 6.8.

0.1 N HCI were added and fhe final pH of fhe water was 6 2,

' unfreafed waters. were 7. 9 and 8 O respectively.

The

AfTer 72 hours of aglfaflon on.a magnetic stir plafe at 4°C,

The.pH of

The filters were allowed to air

‘The volume

During the second conditioning, 55 drops of

pH's of the

The soii- eThanoI samples resulflng from the flrsf condlflonlng freafmenf were

subJecfed to heat resssfance experimenfs af 125°C in the clean room.

The SOII-

ethanol samples resulflng from the second .conditioning treatment along with a

control- ‘that was nof subJecfed to fhe»aglfefed water freafmenf were-fesfed in

both the clean room and the dry glove box.

The experlmenfal profocol'oufllned in.

Appendix A was followed using three planchets per boat, two boats per heating

period for the plate counfs, and four planchefs per boaf three boats per heaflng

perlod for the fraction negaflve fesfs

'performed are glven in Table 2.2.

Table

2.2

Experlmenfs Conducted Usnng Acldlfled Water

Experimental condlflons of the tests

Test

Condifioning “Spore TosT g
Run environment . - code. Number Environmenf Number Envlronmenf
| | acidified water | "WAHIA | sMI264A clean room! N '
~ water B B " ‘ one
acldlfied'wafer WAHlC_ SMI271A clean room! | SM1285A glove box2
2 water : : - D B " . ] v B _ "
: . control E c " c " "

1At test temperature (125°C) the RH was 0.57% in the clean room

2At test temperature (125°C) the RH was 0.00013% in the glove box -
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Results of these tests are shown graphically In Flgures 2.9 - 2,14,

The survivor curves obtained from tests conducted in the clean room were char-
acterized by a rapid reduction in the number of viabie particles within 30 minutes
foiiowed by a long period of time during which there was very little reduction in
count. During the first 30 minutes the number of survivors was reduced from about
3000 to 30. After 8 hours at 125°C we found between | and 10 survivors. Survivors
were detected after as long as 40 hours of heating at 125°C. '

In general it appeared that survival characteristics obtained in the glove box
were similar to those obtained in the clean room. The estimated number of survivors
was reduced by two or three logs within 30 minutes (somewhat faster than obtained in
the clean room) followed by a very slow reduction. The average number of survivors
at 8 hours was between 0.5 and 4 per planchet. Viable particles weré observed after
50 hours on the 125°C hot plate. In all cases, the samples conditioned in water had
fewer survivors than the samples conditioned in acidifled water. There was very
little difference between the control and the samples conditioned in acidified water.

The differences observed in these experiments can be explained on the basis of
the solubility of soil material in water at different pH levels. This of course

suggests that the spores were protected by the soil.

Comparison of the Survival of Microorganisms in Cape Kennedy Soil Treated in the
Clean Room and Glove Box

Previous studies on the dry heat resistance of Bacillus subtilis var. niger

spores have shown that D-values for these spores are 2 to 3 times greater in the
clean room environment than in the dry glove box environment.

The same large particles (WAIC,>|0-<43u) were heated both in the glove box
and in the clean room and spore survival under the two conditions was compared.

The tests performed are summarized in Table 2.3.

Table 2.3

Summary of Experiments on Cape Kennedy Soll
Treated in the Clean Room and Glove Box

Test Spore| Particle Number of units
No. Code size . Plate count Fraction negative
sMI2011| wAEIB >10-<43p 3 boats/time 3 boats/time

3 planchets/boat 5 planchets/boat

SMI2442 ) WAEIB| >10-<43u| 3 boats/time 3 boats/time
3 planchets/boat 4 planchets/boat

At test temperature (125°C) the RH was 0.57% in the clean room
2pt test temperature (125°C) the RH was 0.00030% in the glove box

22



IOOOO

100 Bk ' 3T TS
1] ; Conditioned i ocidified water
igagasy T (SM12844)
M4 AR T ’

10 ki UL
RENRARRRsRRARARAY i
ditioned In woter :

(SMI2648)

Number of survivors per pldiichet

0.1 LT .
o .2 3 4 5 6 7 '8

Heoﬂng time (hours)

Fagure 2.9 - Tests to deferm]ne the effect of holdlng soil in
water on microbial surVIvaI ‘ :

10,000 e
T
. ‘ N I A
1000 Hids * Fraction negative
i : -
- RO ERE i=an positive
% VN ? =all negative
c JIML
S 100
o
- X
5 N1 conditioned in acidified water
Q 1Y -~ (SMI264A)
) lo BERS A N
0
o
2 }
i
o |0 LN il
[V r - IR En ] 1
B TR
R | Conditioned in water |
@ (SMI2648) q
2 Ok o o
g : : | |
< " Figure 2.10 - Tests to deter-

" mine the effect of holding
soil in water on microbial
survival’

F
oorlddhd
"0 10 20 30

Heating “fime (hours)



10,000

1,000 t
_—
S
§ 100g%
a iia nii Control (SMI27IC)
A (111 ™ Ny ot
L]
Q lq ---—-h‘-‘h---- ( Tt [t =t dod
» lo N 4 g
S = Conditionsd in acidified water
2 P (SMI2T1A)
g 388
s 10 -
_02 (:ondll'ﬁoned in w;té; “:ﬂ
£ (SMI271B) 1
32 il LT

o | 2 3 4 5 6 1 8
Heating time (hours)

Figure Z2.11 - Tests to determine the effect of hold{ng soil In
water on microbial survival
10,000 -
]
IOOO b Fraction negative
t .

® A i =all positive
5 ]

CS) 00 $- ol negative

a 4

114 Conditioned in acidified water

5 BIR T (sMizTia)

e 10 N I

5 Conditioned in water

Y -~ (SMI2TIB)

124 NETIRITITEITSNeNs
5 ol fEzno
2 10 {

‘S i

> ‘\ mh"“ (

2 0l o

£ £ FEE

o | T T

2

the effect of holding soil in

{ ‘Figure 2.12 - Tests to determine
§ water on microbial survival

o b1 1 1

.....

o 0 20 30 40 50

Heating time (hours)
24



i e o it s s s+

'o 7 2 3 4 B8 6 7 8
~ Heating. tim (hours)

Figure 2,13~ Tes‘fs to de‘l’ermlne the effect of . holding soll in
wa'rer on microblal survival

10,000
1000 Fraction negative
' g N " inoll positive
: =all negative
§ 100 & V
Q d T
- t T
- Conditioned in acidified water
2 (1 [/ (SM 1285A)
» 10 H
5 P =
S _
L \\
3
b |0 ..: {SM 1283 C)
B 1] N T
Ly
P .
2 ol -
2 "~ Figure 2.14 - Tests to determine
the effect of holding soil in
0.0l water.on microbial survival

O 10 20 30 40 50
_' Heqﬁng . time  (hours)

25



The results of these experiments are presented in Figures 2.15 and 2.16.
There was eésenfially no difference in the number of survivors for heating times
through 8 hours. HOweVer,,for heating times tThat exceeded 8 hours, survivors
wére observed more often for samples heaféd in the clean room than for samples
heated in the glove box. These results were somewhat surprising in view of the
resuits obtained in previous studies. One possible explanation is that the soil
protected the spore froh dessication in the glove box during early heating times.
Prolonged heating periods will cause a significantly greater reduction in the
water content of the spores in the glove box which in turn will increase the spore
death rate. The net result is relatively fewer survivors in the glove box foliow-

ing heating times longer than 8 hours.

Comparison of the Survival of Microorganiéms in a Cape Kennedy Soil with the
Survival of Microorganisms in a Minnesota Soil

A sample of soil was obtained from the Dinkytown area in southeast Minnea-
polis and the survival of microorganisms in this soil was compared with survival
in the Cape Kennedy soil sample. Results of these tests are shown in Figures 2.17
and 2.18. Both soils show the characteristic initial rapid die-off and subsequent
plateau. In the plateau portion of the curve the number of survivors for the Cape
Kennedy soil (WAIIA) was ten Tihes greater than for the Dinkytown soil (XFAIK).
The fraction negative results indicate that through about 24 hours, the Dinkytown
soil had a reduced number of survivors; however, the last survival time was 32
hours for the Dinkytown soil and 40 hours for the Cape Kennedy soil. This seems
to suggest that these two soils were nearly equal in number of very resistant
spores, )

On two different occasions, dry heat tests at 125°C using both Cape Kennedy
and Dinkytown soil were conducted in the clean room. Results of these tests are
given in Figure 2.19. In this graph we have plotted the percent survivors as a
function of heating time as a convenient method of getting all of the data on the
same graph and normalizing the No point.

The general shape of all of the soll survivor curves is similar; it is the
destruction rates within the first 30 minutes that appear to be different. The
earlier tests (December, 1970) showed an initial lower destruction rate than the
later tests (October, 1971). The survivor curves of the respective spores tended
to parallel each other after the first 30 minutes. '
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Duscussion

It is: doubeul that very many mlcroorganisms exist In The soul as, single
units. . It is more likely *ha+ mlcroorganisms in the soil either have rock frag-
ments, soil particles or crysTals either adsorbed to fhem or they . themselves are
either adsorbed by or enclosed by These materials. The soil parTchesifhaT we
are’dea]ing with jn The'mEJofify of easeS‘are made up of erganic materials includ-
ing spores, cfysTals,mand smal | rock fragments, which are all cemehfed Tegefher.
It is probable that in many cases this matrix is not broken down, even foliowing
our ultrasonic treatment. Therefore, The’soi( particle may remain essentially
intact all the way to +he‘finai'pefri plafe.' In this case the soil particle
actually will end up being one microbial coJeny-forming unit even though it may
contain many microorganisms. ' .

The number of mlcroorganisms in a soil particle will undoubfedly be a func-
tion of particle size as well as the Type of soil. We expect a ‘larger number of
microorganisms. in a sample of large particles than in a sample of small particles
where boTh were assayed u5|ng a plafe count method. The net. result then |s That
the actual number of mlcroorganlsms in a sample conTalning large soil particles
may be conS|derany greafer than the number indicated by a pIaTe count and the
actual number of microorganlsms presenT in a similar sample made up of small soi |
particles.: o
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If is also brobable that the popufafion of organisms assocfaTed with larger
particles will be more resistant. The Phoenix CDC Laboratory has Isolated a super-
épore that is about 2.5 microns in diameter. This Qrganism'has an extremely high
dry-heat resistance. It is possible that this super-spore with its 2.5 micron dia-
meter would be normally attached to bits of soll. If we assume that it was attached
+o several bifé of solil, The'minimum size of the soil particle would be at least
ten microns. As described above, a large pérficle will probably contain more micro-
organisms than a small particle and consequently, there Is a greater chance that a
super-spore will be In or associated with a large * particle than with a small
particle.

We are all very much aware of the role that water plays in the dry heat
destruction of laboratory-cultured spores. We know that, starting with zero, as we
increase the quantity of wa+er in the spore during heating, the dry heat D-value
increases. Soil particles contain organic material, crystals and small rock frag-
ments and all of these elements either adsorb water or contain water of crystai-
lization. In other words, there is a large amount of water presénf in soil particles,
.Some of this water will be driven off at dry heat steriiization temperatures. It is
possible that this water that is driven off of the soil particles during heating will
provide a protective atmosphere for the microorganisms associated with these soi |
particles. Since the amount of water that will be associated with the particles
will increase with particle size, there will be more water and perhaps a greater
protective effect associated with large parficles than with small particles.

We believe that there are a number of very valid reasons why large soil
parficles show microbial survival; however, we are unable to pinpoint the precise
reason for this phenomenon due to the lack of understanding of: |) the exact role
of water in protecting spores; 2) the exact rate of release of water from soil
particles; and 3) the exact resistance characteristics of super-resistant spores.

As we put the several small pieces of dry heat destruction data together,

a patfern begins to form. Extremely long survival times have been found for the
microorganisms in garden soil, Cape Kennedy soil, or Dinkyfown soil. At the
other exfreme, very short survival‘TIMes have been found for Thé organisms that
had fallen on strips in clean rooms or when clean spores were deposited on stain-
less steel surfaces. In this study, we showed that the size of the soil particle
had an effect on microbial survival; organisms assoclated with large particles
survived longer than those associated with smaller particles. In the overall
picture we also see that: [) there are some very dry-heat resistant organisms in
soll; 2) the water condition of a spore during heating can alter the dry heat
D-value of clean spores by a factor of 100; and 3) The relative humidity of the

test environment may have |ittle effect on organisms in a soil.
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The first conclusion_fhaf can be drawn from all of the data is that orgaﬁlsms“
associated with particles of'soil are many times more difficult tc kill than organ-
’iSms on surfaces where soll is'absehf The relative FI25°C values for an 8-log
reducflon may vary by a facTor of ten.

A second conclusion is that if we cannof keep out all soil we must Try to

. keep out.as much soil as posslble and then have the remaining sotl In the smallest

. particles posslble Hopefully, we will keep the particle size of the soil less
than [-3u. |t appears that the number of highly dry-heat resnsfanf organlsms in

small soil parTches is very low.

~ Summar
Analyses of our experimental results have led us to conclude Thal'é'longér .
dry heat process:is requlredlfo sterilize microflora associated with largér parfl4
cles than those asSoClaled'wllh smaller particles.’ We believe that this phenomenon
is due fo any one or a combination of the followlng
I. There is a larger number of microorganisms assoclaled W|Th each large
particle than with each- smal | particle. L
2. There is a more dry-heat resistant population of mlcroorganlsms assoc=
iated with large particles than with small particles.
' 3.:.SQI| particles protect microorganisms against destruction by:dry heat.
The protective effecf.ls a function of particie size and may be due to
the water in the soil particles; The larger parllcles have a much

greaTer proTecTnve effecT lhan the small particles.

FUTURE WORK

_ In the future we plah to carry out a group of tests to delermlne(fhé'dry-
heat desfrucflon characteristics of the soil microflora other Than spores We
plan to carry out These sfudles at bofh 90°C and 125°C."

3l



PRI
E@;Dma PAGE BLANK NOT FILMED
DRY HEAT DESTRUCTION RATES OF BACILLUS SUBTILIS VAR. NIGER IN A CLOSED SYSTEMi

‘ProjeCT-PeernneJ: .B. Moore, D "Fisher, -1. Pflug
R - 'R, Gove, S. Maki, and Y. Thun
DIVI5|on of Environmental Health

Project Conffibutér:- R. Jacobson _ :
' ' Y Division of Biometry

INTRODUCT ION

When we initiated our-‘closed sysfém experiments, they were aff carried out
at 125°C. During the past six months we have started to include lower temperatures
in our studies. We have perfdrmed'é number of experiments at high relative humi-
difies at 90°C. 4Theré,are,+wo'phimary reasons for moving toward lower Temberafures:
) there was a possibility that NASA mighf consider the use of lower temperatures
for sterilizing space hardware; and 2) we cou]d'pbésibly develop a better under-
standing of dry heaT-désTchTidn characteristics in closed systems if we had tem-
perature coefficient data available. This required that we have TeST-resulTs'over

a range of Temperafufes.
OBJECTIVES

In review, the objective of this project is to determine the dry heat D-values
of microorganismé in closed sysfehs. -Sbecifically, it Is to.determine: 1) .the -
relationship of spdré D-value‘TO'spore'wafér'confehf-’Z) the effect of éfmospheric
volume per. spore on The D-value of spores with different initial water contents;

3) the effecf of pressure on D-value, and 4) the effecT of water adsorption and
water vapor transfer characteristics of plastic materials on the D-values of spores
~encapsulated . in plastic and spores dn_mefal éfﬁips pressed‘againsf,a:plasfic
surface. | v ‘

At this time we are. reporting the results of studies in which Bacillus
subtilis var. Elﬂﬂﬂ spores were heated at 90°C and relative humidities in the range
of 30 to 100%. We are also reporfing some preliminary resulfs'from experiments
concerned with déTermining-The effect. of The length of conditioning time of the
spores within the ciosed block system prlor to heaTing on the subsequenf dry heaT
destruction rate of these spores. We have.evaluated the seallng effncnency of the
closed block heating system. The overall problems of this sysTem and The resulTs

of our studies are reporfed in Appendlx D.

EXPERIMENTAL -PROCEDURE

Using the stainless steel “heat biock system described in Progress :Report #3,



a series of tests was carried out in which a measured quantity of liquid water was
added to the cavity of the block just prior to sealing the block. The quantity of
water added was calculated to produce specific relative humidities between 30 and
100% at the test temperature of.90°C.

In this series of experiments, the heat blocks used all had the 0.5-inch
recess top (cavity depTh=O;5", inside diémefer=l.|85", volume=,.5544 in3) and all
had utilized a modified Teflon gasket (0.D.=].625", l.D.=I.28", d=0.031") described
in Appendix D. The eight cap-screws were torqued to 100-120 in-ibs.

Thoroughly cleaned and oven-sterilized (200°C for 2 hours) stainless steel
discs were inoculated in the clean room (50% RH at 22°C) with 20 ul of a water:
suspeﬁsion of spores using an Eppendorf push-button pipette. The concentration of
the spore suspension was adjusted so that each deposit contained about lO6 spores

of Bacillus subtilis var. niger. Usually two separate deposits were made on a

single disc; however, anywhere from one to four deposits can be made. The cleaned
and heat-dried (125°C for 2 hours) blocks, cap screws, and gaskets along with the
inoculated discs and sterile, stainless-steel, spacer discs were placed in the clean
room to equilibrate overnight (18 hours) priér to assembly and testing.

The blocks were assembled according to the following assembly schedule:

A Teflon gasket was inserted into the holding groove in each of the block top units.
A sterile spacer disc was placed in the well of each bottom unit to facilitate later
removal of the inoculated discs. An inoculated disc was placed direchy on top of
the sterile spacer disc. An amount of distilled water calculated fo give a specific
RH at 90°C was deposited by means of a micro-syringe on the inoculated disc equi-
distant between the two spore deposits. The top unit of the block was then placed
on the bottom unit and the two pieces were bolted together using Allen-head cap
screws. The cap-screws were first tightened by hand using an Allen wrench. The
block-sealing screws were then torqued to about 120 in-lbs. as the final step in

the assembly. The assembly steps following deposition of the water drop were
performed as quickly as possiblé so that water loss by evaporation from the block
cavity into the clean room was minimized.

Heating was carried out in an agitated water bath maintained at 90°C. Aft
the end of the heating period, The‘block units were cooled by immersing them in
an ice water bath for |.5 minutes.

After the block unit had been heated and cooled, it was carefully disassembled
and the inoculated disc was removed. The spore deposits were separated by aseptic-
ally cutting the disc. Each portion of the disc containing one spore deposit was
then assayed for survivors according to NASA standard procedures.

The following tests were all carried out at 90°C:
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I »TesTs to obtain survivor curves aT relaflve humldlfies of 30, 45 60
75, and 90%. . .
2. Tesfs tTo- defermlne +he relative number of surviving organisms aftfer a
| consTanT heat Treafmenf of 20 minutes as a function of the quanTuTy of
water added to the block. Wafer conditions evaluated were those which
producq_relative humidities of 80, 85, 90, 95, 100, 105, IIO, 120, 140
and 200%. We are uslngﬂlosz' 110, etc., to indicate the.quantity of
water added relafive to: the amounT of wafer needed - to produce a saTuraTed
atmosphere in fhe block cavufy _
. 3. Tests to develop survivor curves which show whether there was a dlfference
wifh respecf to shape, slope and |n+ercep+ ratio of survivor curves for-
‘ spores_locafed in cups with .liquid water present and for spores ‘which
:were~loca+ed in cups’ that had been subjected to a relative humidity of
100%. ’
4. TesTs usung a consfanT heating time of 80 minutes to determine the effecf
of the elapsed time (conditioning time) between: seal ing .the block and '
placing the block into fhe_wafer'béfh on the number of surviving organ-

“isms. This éondifioning TimeLVaried from 4 to 1425 minutes.

~ RESULTS AND DISCUSS ION

Test |

The results of the survivor curve experiments at 90°C at 30, 45, 60, 75 and
90% RH are shown in Figure 3.]. Needless to say, incfeasing the relative humidity
decreased the survival time or in terms of D-values, increasing the relative humi-
dity resulted in a smal ler D-value. It is inferesfing to note in Figure 3.| that
the slope of the survivor curve increases by approximately a- factor of Three for
each additional 15% RH |ncremenT from 45 to 90%.

Test 2

In Figure 3.2 we show the number of-organisms surviving after a 20-minute
heating ftime at 90°C. The quantities of water present in the heat blocks were all
in the neighborhood of}ThaT necessarY To’produce'a saturated condition (100% RH).
We do not believe that the numbers of surviVQrs are significantly different among
the several tests. |In general, the number of survivors (about 2 x 103) seems to
remain relatively constant for 100, 105, 110, 120 and 140% of the quantity of water
necessary to produce'safurafion. Fewer survivors were deTecTed'fdr the 85, 90 and
260% RH cohdifions, alThough}iT is quesTionab]e whether these were significantly '

different from the others.
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Test 3

The results of the survivor curve experiments in Test 3 were most surprising.
As shown in Figure 3.3, this test compared survival of spores in liquid water and
spores in a saturated atmosphere. It is rather obvious from this data that when
the spores are In water the results are totally different from those that are
obtained when the spores are in a 100% RH atmosphere. Not only are the results
different in magnitude but the varlabflify in the results for the two tests are
quite differenf.. Variability is small for the tests where the spores are in water;
whereas, there is considerably more variation for the 100% RH atmosphere.

These data suggest that when spores are in water, they are under quite
different physiological conditions than when they are in a 100% RH atmosphere. |t
would be interesting to find out if equilibration time (see Test 4) has an effect
on the results when the spores are dry and then subjected to 100% RH. We might
assume theoretically that for some equilibration time the results should be the
same; however, then we have to deal with the possib]e historesus that may exist
relative to the location of certain physiological components of the cell when the
cell is in water versus when it is dry and subjected to 100% humidity and is in

equilibrium with this atmosphere.

Test 4

The results of the series of tests carried out to determine the effect of the
conditioning tTime on the number of survivors.are shown in Figures 3.4, 3.5, and 3.6.
In Figure 3.4 we show the profile of the number of survivors after a constant 80-
minute heat treatment at 90°C, 75% RH as a function of the conditioning time in the
block. In Figure 3.5 we have expanded the time scale to show the results for short
conditioning periods. |In Figure 3.6 we have used a linearized survivor curve plot
to show how three conditioning times, 4, 44 and 1425 minutes, would produce grossly
different projected D-values.

We believe that it is worthwhile to state why we decided to examine condition-
ing time in the heat blocks. In carrying out a series of tests, variable results
were obtained. Proceeding on the basis that we must believe what the spores are
teliing us, we carefully reviewed the experimental procedure. From an analysis of
our results in terms of the time of assembly, we deduced that what first appeared
to be a rather random variation in our results was actually a change in the magnitude
of the resuits as a function of the estimated time from sealing to heating the blocks.
Immediately after observing this phénomenon, we proceeded to enter in fhe data log
book the time at which the block was sealed and the time at which the block was
placed in the water bath. After confirming that conditioning time played a role in
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spore survival we then proceeded to design Test 4.
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At this time we have nof developed any Theory for explalning This- lnfluencea
of condiflonlng Tlme in the block. We - hope to alert the reader to The facf ThaT
in Thls system where we' are affempfing to evaluate a relative humldlfy of 75% at
. 90°C a liquld wafer drop is added to the- block at ambient conlelons,'Thus, the
quanfuTy of water added is In all cases more Than enough to produce 100% RH at
the assembly TemperaTure.v Since the spores were previously eqU|I|bra+ed in an’
aTmosphere of 22°C and 50% RH -we would assume that. ‘when they are in confacf WITh_
an a+mosphere near 100% RH aT 22°C They will ‘absorb water. The rate -of- wafer
absorption will depend on the vapor pressure’ dlfference beTween The wa*er in the
spore and in the a?mosphere., A second varlable is Thaf the vapor pressure in The
atmosphere surrounding the spore wnll be a function of the mass transfer rate -
between - the deposited water droplet and the atmosphere as well as the absorpflon
rate of the spores. Since hea+ is requlred to evaporate wafer, small changes in
temperature will. have a maJor effect on this evaporation raTe. W|Th0u+ gotng
further, we. believe that we can make & ~good case for the fact Thaf we are dedling
with a rather involved mechanlsm in whlch any of several parameTers could be limit-

ing., Needless to say, Thls enflre area will requnre further |nves+|ga+|on

General- discussion

The results of fhese four tests suggest ThaTraT relative humidities above

60% at 90°C there are undoubfedly variables ‘involved in the overall spore destruction
pattern that have no+ heretofore been identified: The lethality of sTress condi-
‘tions may involve the sequence of events which would affect the lnTeracflonvbefween
water and the spore either immediaTer prior to heafing or aT‘Tne onseT.of heating.
Perhaps there is a clue to ThisveffeoT.by observing that the D-value_is small when
the wafer'ac+ivi+y is near zero and reaches a maximum at some intermediate water
activity and decreases again to a small value as we approach a wefer activity of one.
Another fact that warrants considerafion is that.with dry spores There is an immedi-
ate one- or two-log drop in the viable count prior to a decreased rate of destruc-
T|on,_whereas, ‘with wet spores we Tend to have a low Ianlal desTrucT|on rate
fojlowed by a hlgher destruction rate at longer times. '

| As a final point, we mlghf observe Thaf perhaps a sequence of wetting and
drying conditions may make the spores more suscepfuble to desTrucTnon by heaT Than

a consTanT temperature in elfher a wet or dry envuronmenf.

SUMMARY.

We have found that at 90°C and relaflve humidlfles of 30 to 100%, the raTe of

desTructlon of Bacillus subtilis var. niger spores. |ncreases as the relative humadlfy
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increases, which is consistent with established fheofy.

At relative humidities of from 70 to 100% the.length of the time interval
between the sealing of the spores inside the heat block and the time when the heat
block is placed in the 90°C water bath has an effect on the number of sporés that

survive a given heating time.

FUTURE WORK

During the next six months, studies will be continued examining the effects of
low treatment temperatures at high relative humidities. Specifically, we will study
treatment temperatures of 75, 90 and 105°C and relative humidities from 55 to [00%
including liquid water. Work will begin with treatment temperatures of 90 and 75°C.

Efforts will be made to establish a clearer relationship between the effects
of relative humidity and the effects of the time befweeﬁ sealing the heat block and

the beginning of the heating. period.
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EFFECT OF COMBINED HEAT AND-RADIATION ON MTCROBIAL'DESTQUCTTON'

Project Personnel : D. Fisher, D. Barber, I Pflug
: ' - Dlvislon of- Environmenfal Healfh

'TNTRODUCTION

Sandla Laborafories of Albuquerque, New Mex1co, have been Invesflgaflng The
effecf of dry heat and gamma radiation on the survival raTe of a uniforn crop of

Bacillus subfilis var. nlge spores.. They have reporfed a synergisflc effecf when

the spores were subJecTed STmuITaneoust to both dry heat and low levels of gamma

radiation. The NASA Planetary Quarantine Office has asked this laboratory also to

lnvesflgafe the sferllizaflon aTTrlbuTes of comblned dry ‘heat and gamma radiation.
Th|s project was |n|Tia+ed in June of 197I and this reporT descrnbes our

activities to date. Durnng The pasf six months ‘we have .designed and consTrucTed

a cOnTroIIed'enwironmenTal sysfem Wthh is now being peformance Tesfed We have

also mapped the radiation fleld of The University of Mlnnesofa Cesnum—l37 radlaTlon

source that will be used |n fhls sfudy

VOBJECTIVES

The _objectives of This prejeeT are as follows: |) to |nvesT|gaTe The survi=
val ef spores. on surfaces af varlous Temperafures ina precnsely controlled envi-
ronmental system, 2) to defermlne The rate of desTrucflon of These spores at ambient
Temperafure when subJecfed to gamma rad|aT|on and 3) to determine the. rate of destruc-
tion of These spores when fhey are subJecTed to- comblned gamma radiation and thermal

sTress

DISCUSSION

EnvironmenTal Sysfem

A preC|sely control led environmenfal sysTem has been- desngned and built and
at the present time is undergolng flnal Tes+|ng This system |s shown schemathally
in Flgure 4.1. Constant Temperafure and hunidity conditions are malnfalned by
conTreIITng the safuraTnon~+emperaTure and the dry buib Temperafure 'of the circula-
~ting alrstream. 4 - | o
The path of the alrsTream Through The system and the Treafmenf applaed to The
‘air are as follows: The air passes fhrough a spray chamber where it is saturated.
The amounT of waTer ewaperafed,is_faf in excess of the amounf spnayed se evapora-

TiVe'cooIing is negligible. The residence time of the air in the spray chamber is
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sufffcienfly long so that the air temperature is the same as the spray temperature.
The water temperature in the spray reservolr is maInTalned'using heaters controlled
by a RFL proportional cthro|ler. A blower draws the air from the spray chamber
past an air heater and blows the air past the spores, over wet and dry bulb Theer-
couples, and through a callibrated orifice. The alr heater raises the temperature of
" the airstream sufficiently above the saturation temperature so that condensation will
not occur between the spray chamber and the environmental chamber containing the
bacteria spores. Upon entering the environmental chamber, the air passes first
fhrough a heating section where it is heated to the temperature of the environmental
chamber. The bacteria spores are deposited on stainless steel planchets which are
mounted in the environmental chamber normal to the airstream. The electrical heaters
in the chamber are control led by_anoTher RFL proporTionaI.conTroller. When the air-
stream |leaves the environmental chambér, it passes directly into a chamber containing
the thermocouples which monitor the wet and dry bulb temperature of the airstream.
"The airstream then passes through a cal ibrated orifice where the volumetric flow

rate Is measured. The flow rate Is adjusted by changling. the speed of the fan.

MaNOMETER] 1, BECORRING e |
T H
§ B I
CALIBRATED  WET AND DRY eAé'ngbﬁW
ORIFICE THERMOCOUPLES
HEATER FAN
> N
ENVIRONMENTAL
CHAMBER
CONTAINING
SPORES
=" _ CESIUM-137
| r PROPGORTIONAL - ~1 SOURCES
. E(_)_NIRS)_I:_} I CONTROL TO |
| |_CHAMBER HEATER |
ieWATER FLOW :
s — CIRCUT rekoporTIONAL |
. [EXCESS ' ————1CONTROL TO \
SPRAY . . LBATH HEATER i
— 1 - -
— CONSTANT ——
TEMPERATURE BATH.

Figure 4.1 - Schematic flow chart for the environmental system that will be used in
thermoradiation experiments.
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. The sysTem has been deS|gned SO fhaT the envlronmenfal chamber can be easily
| separated from the remalnder of The system In order that the loadlng and unloading
of The planchets can be carried oul in a clean microblological area. '
A speC|al slarf—up procedure |s required If condensation on The planchels is
To be avoided. This special procedure is necessary in our sysTem since the dew
point of +he c1rculaflng alrsfream is above the ambient. Temperafure.' We' plan To
use the follownng sfarl—up procedure: with The envlronmenlal chamber by passed
the air cnrculaiing system w1ll be heated to a stable Temperalure greafer than the
~dew point, uslng the auxnllary heaTer. When the Temperalure has .stabilized, the
_bhealers in the environmental chamber will be activated to rapidly bring fhe chamber's
temperature to the desired test level. When the enVIronmenTal chamber- reaches test
temperature it will-belconnecled to the airflow system. andflhe spray will be furned
on. Using this procedure we hope to avoid the problem of - condensallon in.the- syslem
during the lnlllal parT of the experlmen+ while rapidly achtevung fesl psychromelrlc
cond|+|ons. » : _
A Thermoluminescenf dosimefry (TLD) sysfem using L|2 4O7 :Mn powder has been
calibrafed To ‘measure The radiation. dose applled to bacteria spores. Capsules
which are impervious fo light and water contain the TLD. powder and are Iocaled
lhe same isodose plane as the spore samples
The desngn paramefers of the sysTem are: , _
1. dry bulb lemperalure - conTrolled to W|Thln 0 | °C u51ng The propor—
o llonal.heafer on the airstream. Spac1a| varlallon of. Temperalures
‘within +he‘environmenfal chamber s *.2°C. Temperalures from 22°C
to l25°C may be maintained in this sysTem
" 2. relative humldlfy, wet bulb temperature or safurallon Temperalure -
control l'ed by the proporflonal conlroller used for malnlanning the
Temperalure of the water ln The spray reservoir and chamber. The
saluraflon Temperafure may be’ conlrolled to within 0.1°C and can
range from 16°C To 100°C. The_conlrollable psychromefrlc COﬂleIOﬂS
are shown in Flgure 4.2, | R
h 3. -airflow raTe = monitored by The pressure drop across The callbraTed
| ”'forlflce and regulaled wiTh the blower-control.  The bulk flow rate )
can vary from 0 to 3,3 fT /min such fhaf the linear velocity in the
'envuronmenial ‘chamber ranges from 0 to 32 ft/min. ' '
4. gamma radiation dose rate = adJusfed by changlng the posnfion of the

spore sample relaflve to the Cesium source.

Spores'
Bacillus subtilis var. niger'spore crop AAHF will be}usedlin.lhiS”sTudy.




The stainless steel planchets will be gssayed using NASA standard prdcedures. The

results will be reported in the form of survivor curves.
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Figure 4.2 - Psychrometric conditions which can be maintained in the environmental
system

Radiation Field

The Gamma Irradiation Facilify at the University of Minnesota will be used in
this study. The radiation field external to a cylindrical array of Cesium-137 line
sources has been mapped both theoretically and experimentally. This region had not
been adequately mapped since most earlier work performed in the facility required

higher dose levels achievable only inside the cylindrical array -- a region where
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The rad|a+ion levels are well—known.-. : : : . ]

The radlaflon levels were calculated uslng well-esfablished compuTaTnon -
schemes.- I Expernmenfal resulfs obtained wi+h chemical doslmefry (Fricke) and
measuremenfs usnng a callbrafed Vlcforeen raTe mefer agreed wITh the Theoreflcal

values., -

FUTURE WORK

After a flnal Tesflng of The enV|ronmenTal unlf we wull begln “the bacTerlo-
logical Tesflng portion of this prOJeCT We plan to: ”

) generate survivor curves when the spores are subJecTed to Thermal
.stress only. The proposed temperature levels we will use are 60,
75 and 90°C. © -

2) - ‘examine the Iefhél'effecf'of radiation on spores af ambient ‘tempera-

_ tures. We inTend to use radiation. levels of 5, IOL and ZO'RR/hE

3)>'deTerm|ne The survnvor ‘curves of spores ‘when subJecTed to various
combinations of the above—menfioned Temperafures and ‘gamma raduaflon

Ievels

IEngjneer[gg Compendium on. Radiation Shielding. Vol. T,‘Springer-Verlag, 1968.
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- PRECEDING PAGE BLANK NOT FILMED

APPENDIX A: DESIGN AND PROCEDURE FOR SOIL éxPERnMENTs |

The tests to deTermlne the relaflVe survival of - spores assocnafed with soil
as a funcfion of The size of - the sO|I parficles were carried out accordlng To The
- following deslgn and procedure.‘_ o

An experimenfal desugn was developed which employed a number of soul suspen-
snons, heating conditions, heaTtng timés, boafs and planchets. The number of each
"of these items was determined followlng consideration of thée obJecflve of The '
experiment, expecfed sources of variatish and available resources.

- The objective of each experlmenf was to compare the survival characferisflcs
of spores in different soil suspensnons. The design emphasized the compar ison
within each heating +time. . '

Expected sources of varlaflon weFé the physical ¢haracteristics of the boaTs,
the position of the boats on the hot piate, the order of deposiTion and the order
of treatment. The Tesf'piah ihcluded ‘& randomization. scheme desfgnedﬁfofneduceﬂthe-
chance of sys+ema+1c effecfs due to thesé sources. ' . _ ‘

The avallable resources Included a supply of copper boats. The COpper boats
used in these expernmenfs weFe manufac+ured at three different times. from differenf‘

pieces of copper bar stock: Since the boat unit was crifical in our heat flow
pattern, sfeps were +aken to minimlze any “effect due +o ‘differencés between boa+

lots. 'Boats from a single Iof were used for a slngle repllcafe of cell suspen5|ons,

when +hree replicafes were used- boaTs from Three lots were useéd as shown in Figure I.

Preparafaon of a TesT plan‘

Two randomtzafion schemes for bodt assignment were prepared for each experi-
ment; one scheme was prepared for #haf part of the. experiment using the plate count
assay procedure and the second schemeé Was prepared for the fraction negafive'assay
method. ' " | ' - R '

Each randomization- scheme was carrled out in +he same way. 'An example of a
Typlcal randomnzafion schenie where The .survival characferlsflcs of spores in three
dufferenf soll suspensions (A;B,C) were. compared was as follows: The flrsf step - ‘
was To randomize boats of a sihgle lot 6 heafing Tlmes and suspen5|ons using a
table of random. numbers. Whenlfhe boats within aJ],Three lots had been randomjy
assigned to +rea+henT?:+he comp leted Fahdomization scheme was similar to Thaf,shown

in Figure I.
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Experiment: SM| 187 Assay method: plates

Boat numbers for
Heating time | Boat suspensions
" (minutes) lot # A B C

| 57 20 56
0 2 66 97 74
147 110 119

15 2 6l 107 109
143 152 148

30 | 54 37 30

Figuke.l -~ Randomization scheme for boat assignment

Schedule for deposition

Following assignment of the boats to heating time and suspension, the order of
deposition was determined. All boafs for one suspension were listed on a schedule
for deposition similar to Figure 2. This figure represents a tray containing the
boats. The boats were separated into groups accdrding to the method of microbial
assay. Boats were arranged on the tray by boat number within the assay method as
shown in Figure 2. Thus all boats to be processed for plate counts appear in numéri—
cal order beginning at the upper IefT-hand corner of the sheet and continuing in a
snake-|ike fashion. The boats assigned to the fraction negative assay method appear
after those assigned to plate counts.

Experiment: SMii87 Suspension: A

21} 251 36| 50  |to4 [121] 128|132
PIP|Pl...]P PP ]|eP

83| 82| 81| 69 149 | 147 | 143 | 137
FN| EN| FN[ N[ ...l P PP | P

861103 | 105 | 106
FN] FN| FN | FN

code for plate count assay method

o
L]

FN

code for fraction negative method

Figure 2 - Deposition schedule
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Schedule’fOr heating

- A schedule for heallng slmllar to Tha+ shown In Flgure 3 was also prepared
.‘BoaTs were grouped according to treatment and lot. All boats asslgned To the same
“‘heallng time and origlnallng from the same. lot were grouped. logefher This meant
Thal each suspension was represenfed in each group. The esllmaled llme of day that
" each’ group of boats was to be placed on the hot plafe was included. (The placemenf
time was,apprOX|maTely ihe'same as The estimated time. ) The remova | Tlme was calcu-

-lated from the ac+ualvplacemen+fljme and recorded. Placement time was noT randomlzed

Experiment: SMI 187 Assay method: plates

201 s6 | 57 | ‘66 75| 77 | 98
_ o ‘ 30 min | 8:00A

8:45A

3l 20 | a5
240 min| 9:45A
- | :46P

121 f orar faso || s
30.min)| 8:i5A ) . |
' 8:46A ||

64| 95 |10z I 113

128] 151 | 158
240 min| 9:15A 0 . |... '

480 min | 8:00A
. |3:52p

ffFigqre:S"- Boat heating schedule

Carrying out the experiment

. The boats were arranged on separate Trays according to The schedule for
deposition. - The follow1ng procedure was used: ' |
i. Planchets were placed on boats. . -
2. An Eppendorf mlcrollTer plpelfe was used for deposnfung 0.0l ‘mt of
jpreparallon on each planchel The order of deposullon made a snake-
| \llke'palfern The deposlfs began with the first row of planchels on
the first row of boats and proceeded from ‘Teft to rlghT Next the
flrsf row of planchels on The second row of boats was |noculafed from
'rlghT to left. . After one planchet had been lnoculaled on each boat
‘the process was repealed for The second row of plancheTs and continued
until dep05|Ts had been made on al |’ planchets. '
3. The boafs confalnlng inoculated planchets were then transferred to
Trays and placed in the order given in the randomlzaflon scheme for
'_:heaf treatment. o ‘



4. The deposited spores were conditioned in the laminar downflow clean room and
were shielded from the direct airflow. Spores used in the plate counfvassay
method were condifidned 16 to 24 hours while those used in the fraction nega-
tive assay were conditioned 16 to 72 hours. |

5. At tfreatment time, a minimum interval of one minute was maintained between
placing groups of boats on the hot plate. All groups associated with one
heating period were placed on the hot plate according to the arrangement given

" in the randomization schedule for heat treatment. The arrangement of boats

the hot plate is shown in Figure 4.

~N

AV
D[OO| T[N O] ]| DI BIID
OIlO|[O] |0 |[0]||0©

X TEMPERATURE REFERENCE BOATS

Figure 4 - A sample arrangement of nine groups of boats on the hot plate

6. At removal time the boats were transferred from the hot plate to the center of
the cold plate in the same order as they had been placed on the hot plate.

7. After 4 minutes of cooling, the boats were removed and the planchets processed.

Ronald Jacobson
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APPENDIX B: SPORE CODES USED AT THE UNIVERSITY OF MINNESOTA

InTrodUcTion
The spore code thCh we use was first discussed |n Progress Repor+ 3,

December, l969 pages 76«8| The spore codes developed for organ|sms s+udxed in

“the sonl experlmenfs are presenfed below.

Explanaflon of the Spore Code '

The orlqlnal code consis?s of four letters. The first letter designates the
genus, species and subspecies of the organism if +hey'are known. |f the spore is
an unknown, any identifying number and the place of Isolafion are given.

- The second letter desngnafes the ptace from which this laborafory originally
ob+a|ned the spores. ‘ _

~ The Thxrd letter |denT|f|es the SpeCIfIC spore prepara+|on Also included
under this code. letter are the date crop was obtalined, cleaning procedures, sSus-
pending fluid and any oTher perfinen+ information. o |

The fourth letter designates the storage conditions in this laborafory.

A fifth IeTTer»fs_op*Ional and is’used to designate additional information
for.the unique four letter-spore code. A particular fifth letter: does not necessarily

-mean The same Thlng for dlfferenT four letter spore codes

Recently DevelopedaSpore Codes

WACIB, WACIC, WACID .
"~ W - Unknown, Cape Kennedy soi |
A - Dr. Favero, U.S. P.H. S., Phoenlx Arlzona
C - Dry soil recelved from Phoenix, 12-70 in screw-cap. +es+ tube (see
: Phoenranuarferly Report 31, July Sep+ 1970, p. 2- 3)_par+1cle-5|ze <43p
| - 95% ethanol, 4°C o -

B - Stopped by [0u filter (>10u)
' C - Passed 10u filter, stopped by 3u filter (<1053)
D - Passed 3p filter (<3u)
waD1
"W - Unknown, Cape”Kennedy soil
A - Dr. Favero, U.S.P.H.S. Phoenlx
D - Soil in 95% efhanol received from Phoenix, |l- 70, sfored in freezer

until -6-71, particle size <43y
95% ethanol, -4°C (after 6-71)

55



Remaining WADI- and WACI pooled and separated into sizes

Passed 10u filter, stopped by 3u filter (<10>3y)

All. available samples that had been separated by sedimentation in size

Ethanol removed, resuspended in distilled water, pH 5.5, Bromo Cresol
Purple (BCP) added to water, dilute HC! added to retain pH 5.5 after

addition of soil. Agitated 72 hours at 4°C. Water removed, resuspended

Ethanol removed, resuspendéd in distilled water, BCP added to water, pH
not adjusted after addition of soil. Agitated 72 hours, 4°C, water

Received 9-14-71, 100 ml (see Phoenix Quarterly Report 31)

Southeast Minneapolis, Dinkytown, collected by Bliss Moore

Original obtained I1-17-70, sieved and stored in this laboratory dry

WAE !B, WAEIC, WAEID
W - Unknown, Cape Kennedy soi |
A - Dr. Favero, U.S.P. H.S., Phoenix
E ~
| - 95% ethanol, 4°C
B - S+opped by 10u filter (>10u)
9-
D - Passed 3u filter (<3u).
WAHIA, WAHIB, WAHIC, WAHID, WAHIE
W - Unknown, Cape Kennedy soil »
A - Dr. Favero, U.S.P.H.S., Phoenix
H -
range of 10u-30u were pooled
| - 95% ethanol, 4°C
—A__
in ethanol.
_B-_
removed, resuspended in ethanol.
C - Acid added, (similar to A)
D - No acid added (similar to B)
E - No treatment
WAL LI
W - Unknown, Cape Kennedy soil
A - Dr. Favero, U.S.P.H.S., Phoenix
| -
I - 95% ethanol, 4°C
A - Original sample
XFAIK
X = Unknown, Minneapolis soil
until 10-12-71
| - 95% ethanol, 4°C
K = <43y
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APPENDIX C:  SEPARATION OF A SOIL SUSPENSION OF LESS THAN 43 MICRON PARTICLES S1ZE
" INTO <3, 3-10, AND |0-43 MICRON FRACTIONS - |

"To study The dry heaf resistance of ‘spores assoclated with s01l parTches of
a specific size range, we developed the sedlmenfafion procedures described in
Appendlx D of Progress Reporf #6. Microscopic examination of the fractions obtained
by this procedure, and The experimenfal results of dry heaT resistance studies con-.
ducted using these fracf|ons, suggesTed that the sedimentation technique dld noT '
give & precise separation. Therefore we developed a néw procedure |ncorporaflng
both sedimentation and filtration methdds. This procedure is shown -diagrammatically |
in Figure I. The particle size'of the fractions obtained was dchaTed by the pore
size of -available solvent-resistant filters. Gelman Polypropylene.filfersf(pore :
size 10 u) and Gelman Acropor filters (Acrylonifrife'PolyVinYIchloride:Copolymer -
pore size 3 u) were selected.  In all of the procedures, severel filters of each
pore size were used for each fj!frafidh_fo'assure that the small sized.parficles
~were not trapped ihAclogged‘filfer-pores. The. volume of soil-ethanol suspension

_processed through each fjiferideoended'upon the density of that suspension.

10-43 Micron-Frac+ion ‘

'Ohe hundred,mlrof a soil%efhanOi suspension were mixed in a 200 ml beaker and
allowed to settle forufive:minUfes;_'Tﬁe,supernaTan+ was decanted and -put aside for
filfrafionvfhrough the 10 micron filters. After adding ethanol to the sediment in.
the beaker, The suspensioh was mixed, settled and decanted. Thus seTTItng procedure

was repeated several times to remove small particles that may have adhered To the
.Iarger particles or that may have_been carried down with them. The sediment from
this primary'sedimehfaTIOn was not inciuded in the 10-43 mfcron fracfion; The
decanTed supernatant was then put Through the IO—micron flITers v.The filters and °
particles were insonated in ethanol fo remove +he particles from the filter surface
and to- separate adhering parflcles. The insonated suspension was then placed into
25 x 150 mm screw’cap test Tubes, shakean ‘and allowed to seffle for 30 min. The
3upernaTan+ was poured off and saved for 10 u filtration. Ethanol was added to the
sedlmenT, the suspension shaken and again settled for 30 min. This 30-minute
sedimenfafion'was repeaTed'unTII The'supernafanT appeared.clear' The supernafanf
was filtered through the lO-mlcron fil+ers and the filters were |nsonaTed in ethanol
to remove:the stopped parTches. The.resulfing Insonated suspension was ‘comb i ned

with the sediment from the 30-minute settling and concentrated by cenfrifugaTion.

3-10 Micron FracTioo

The f|I+ra+e from the IO-micron filtration was filtered Through the 3-micron
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filters. The soil on the filter surface was removed by insonation in ethanol, and
the insonated suspension was placed into 25 x 150 mm screw cap test tubes, shaken
and allowed to settle for |8 hours. - The supernatant was decanted and saved for

3u filtration. Ethanol was added to the sediment in the test tube, shaken and
settled for I8 hours. This I8-hour sedimentation was repeated until the supernatant
appeared clear. The superna+anf from the 18~hour sedimentation was filtered through
3u filters, the soil removed from the filter surface by insonation in ethanol, the
insonated suspension combined with the sediment from‘fhe |8-hour sedimentation and

the resulting suspension concentrated by centrifugation.

3-Micron Fraction

The filtrate from the 3-micron fraction was concentrated by centrifugation.

The fractions obtained by this procedure incorporating sedimentation and
filtration methods were examined microscopically and tested for dry heat resistance.
Results indicated that the particle size in each fraction was more uniform than in

those fractions obtained by sedimenféfion only.

Geraldine Smith
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£.<43u 30||
plus e+hano|

se++1e -k

~ sediment —

supernatant

<«—— supernatant

filter and 3 ~add ethanol |

0u fllfer ‘ “particles -land insonafen—* _seff’e,

centrifuge -

i Traj‘e <43, >i0u sample

' €—————— Ssupernatant

3ﬁ fﬁlfef. filter and 5 _add.efhanol settle
s . parTicIes ‘|and insonate ST
f'li:a*e' o | - centrifuge

T

'cenTr]fUQe :
ST <10, >3p sample -

.¢;'_

‘<3u'sémple

Fugure I - Dlagram of sedimentation and fllfraflon procedures
" used to separate a soil suspension of <43y parTucle
size into <3, 3-10, and IO-43u fractions.

59



""APPENDIX D: EVALUATING THE HEAT BLOCK SYSTEM

Introduction . PRECEDING PAGE BLANK NOT FILMED

The heat block system wee developeoilo”nake I+ possible. to sfddy fheadeSlruc4
tion characteristics of mlcroblal spores under "closed system" condlllons as. com-.
~ pared with "open syslem" conlelons. In review, in the open sysTem, wafer can be
lost from the spores and under certain conditions gained - by the spores during
heating. In the closed system, the water in The_sysfem with the spores will be
constant, l.e., no gain or‘loss of water from the time that The_sySfem’ls sealed
until the system lslopened’and fhe-spores-are removed. . , _ .

~ Some necessary attributes of the units of a closed system are: |) They should

be gas: +|ghl 2) They should heaf and cool rapidly; 3) They must be usable for a
number of closed system Tesfs, 4) They must be of a design that wnll permit thorough
cleaning; 5) The operallons_of closing and opening should be rapid and snmple, and
- 6) The cost, in terms of cents per unlf test, must be low. It is quite a challenge
. to desngn a.single system to satisfactorily meet all of These requ1remen+s
' . In our system we afTempTed to satisfy the requlremenfs by conslrucllng a
s+alnless steel block unit In which the Two halves were bolTed together and sealed
with.a gasket. Thls gasket has been ‘a source of problems. The flrstydeslgn»used
an O—ring forleffecfing=+he seal -between the top and bolfomjparfs.of the unit. For
e'closed sySlem to performves a closedj$ysfem*wlfh reSpecl'To wafer,-lhere can be
no gain or Ioss’of‘wafer'durlng heating. When we put our system into operafion we
found that a Viton O-ring released water durlng heating. To solve This problem we
changed to Tefion O—rlngs - These O—rings did not perform enTirely saTlsfacTorlly
so we then proceeded to use a flat Teflon gaskef We have now modified our sealing
system further by reducing the contact area of the flaTvTeron_gaSKeT While at the
same time lncreasingrlhe seal Ing pressure'on the gaskell Our nicroleakage testing
program indicates Thaf when ‘using our: presen+ sealing syslem we - have a hermeflcv
heat block unit. ' ‘

In this report we will analyze several dlfferenf test programs’ in which the
sealnng eff|C|ency of. The closed block was examined. This ac+|v1Ty wil'l be covered
in +wo sections: Nthe Tesflng program and 2) The analysls of mlcroleakage from the

+

heat block system.

1) Testing Program

Two distinct types of_Tesfs‘were'ueedlfo'examine_fhe sealing efficiency of
the full-faced Teflon gasket: described in Progress Report .#5. In one'Type.of test
the blocks were loaded with silica gel and heated both In an autoclave and in an’
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oil bath. Later a group of tests was carried out at initial elevated pressure with
the loss of pressure being used as a measure of leakage.

When we found that this full gasket did not perform as well as we expected we
then proceeded to modify the gasket. and the heat block. Subsequent to this modifi-

cation, we carried out a réfes?ing program.

Autocliave tests

After thorough cleaning and drying in a 125°C oven for 2 hours, eight stain-
less steel block units made up of 8 tops (O.D.=2.75", h=.75", central cavity--1.D.=
I.185", h=.5") 8 bottoms (0.D.=2.75", central cavity--1.D.=1.28", h=.02") and 48
screws (Allen-head, 0.D.=.25, 6/block) were pléced In a plastic isolator in which
the relative humidity had been adjusted with silica gel to <2% at 22°C. An analyt-
ical balance sensitive to 10-5 gm, was situated In the plastic isolator, along with
dried high-grade silica gel, 8 aluminum boats (L=I", W=.25", h=.25"), 8 small glass
vials, a small spatula, forceps and torque wrench.

After an equilibrafion>perlod of approximately 18 hours, about 0.45 gm of the
dry silica gel was placed in each of the 8 boats. Each of the boats was subsequent-
ly placed in a particular vial which was then closed and weighed. The boats were
removed from the vials; each boat was then placed inside a block unit, which was
then bolted shut and forqued to about 50 in-lbs.

Four of the 8 block units were selected at random, removed from the glove box
and heated in an autoclave at 125°C (33.7 psia pressure) for four hours. They were
cooled slowly for 45 minutes (liquid cool), removed from the autoclave, wiped dry
and returned to the plastic isolator. Six hours later, the block units were unbolt-
ed and the boats were removed alferna+ely from the control and autoclave blocks and
were immediately placed in Théir original vials which were then closed tightly.

Each loaded vial was chosen at fandom and weighed.

A modified t-test (Behrens-Fisher test) was used for a test of the signifi-
cance (a=.05) of the difference between means of the two independent samples,
treatment and control. Each sample consisted of observed differences in the weight
of silica gel before and after conditioning. The estimated probabilities of obtain-
ing larger differences between means of the two samples (assuming no differences)
were calculated. |In this manner we could ascertain whether a significant amount of
water had leaked into the blocks during the autoclaving process.

The changes in the weight of the silica gel in both the control and the auto-
clave blocks due to the four-hour treatment in the autoclave at 125°C are shown in
Table |I.
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Table |

. Welght Changes(gm) of
. Silica Gel In Blocks

Cohtrol -_--Treafed

+.00202 | +.01095
+.00109 | +.01387
+.00133 | +.01392
+.00127 | +.01424

Méan +.00143 | +.01325 |

The gain in the test system was about 0.012 gm more than the conTrols The +V+es+
wnfh a=.05 showed a sngnlflcanf difference befween the weight changes of the silica
gel in the conTroI and the treated blocks. The conhclusion is, +haf in a four-~hour
exposure to safurafed sfeam af.IZSfC (33.7 psia pressure), a smell.quanTiTy of

water does leak into the heat blocks:. therefore, they are not iruly hermetic.

' Oll bath tests

In mosT of the thermal desfrucflon studies The heat blocks were heaTed in an
oil bath. In Thls conduTion The external pressure was about one aTmosphere,
therefore, fhe Tendency would be for wa+er to Ieak out of rather Than |n+o the
blocks, as was the case in the aufoclave Tesfs. , '

An expernmen+ was carrled out similar to the aufoclave TesTs -except that The
aTmosphere in the plasflc isola+or was. malnfalned at a wet condiflon, 80% relative
humidity af room temperatutre (22°C) in order to load the silica gel with water.
The four block unlfs which had been ‘assembled in the lsoIaTor were removed from
the isolator, heaTed for 4. hours in the I25°C oil bath and +hen cleaned and
-re*urnedAfo the |solafor for,welgh!ng.’ The weight changes for the silica. gel in

both the control and the héated blocks are shown in Table 2.

Table 2

_ Weight Changes(gm) of
~ Silica Get in Blocks

. Control | Treated

+.00363 | -.00694
+.00314 | =.02326
+.00328 | -.03904
+.00216 | -.02102

‘Mean +. 00305_ -.02257
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The mean weight loss of the heated blocks was 0.019 gm, suggesting again that the
heat blocks were not hermetic. A t-test (a=.05) showed a significant difference

_ between the weight differences of the silica gel in the control and heated blocks.

Pressure tests

To conduct the micrbleakage test using the pressure method, a pressure gauge
was connected by /8" copper tubing to a pressuré tap on a standard heating block
with a 1/2" recess in the top portion of the block. A special valve and gauge
testing unit was used that had a supply port for pressurizing the system with nitro-
gen gas, a bleeder valve to facilitate the initial pressure adjustment and a
gauge to indicate the pressure in the system. A diagram of the apparatus is shown

in Figure |.

PRESSURE
GAUGE

COMPRESSED
<— " NITROGEN
GAS

| HEATING

BLOCK

Figure | - Schematic diagram of the pressure test system
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The clean blocks were assembled wlfh a new Teflon gaskef and were Torqued fo
about 50 in-lbs for these Tesls. The blocks were pressurlzed to 10 psug at room
' +empera+ure (22°C) and then were placed into the oll bath at 125°C. (The procedure "
was sumllar to that normally employed for thermal resistance testing, and similar
to the conditions used in the silica gel-oil bath test described above.) The
results: of’ These ‘tive different Ieakage tests are presented In Figures 2 and 3.
" The blocks were initially pressurized to 10 psig at room lemperafure and rose to a
higher pressure upon immersion in the hof oll bath. The pressure_fhen decayed in

fhe manner shown

2) Analysis of Microleakage from the Heat Block System

To analyze microléakage from heating blocks two separate situations will be
~examined and'paramelerized 1) leakage from heating blocks during'eachtef The" |
above Tesfs and, 2) Ieakage from blocks as They are used In the b|olog|cal Tesllng

program

Analysis of pressure tests '

vTo evaluate the results of the presSure‘IeaKageblesT lhere are two gas volumes
which must be consldered: I)-Tbe gas volume in The-heaflnngIock and Thafpperfion
of the connecflhg‘fube which is submérged in the ofl bath and at the oii baTb tem-
perature; and 2) the gas volume in the plumblng outside the oil bath which is essen-
tially at room temperature. 'The respeCTive temperatures and asso¢ia+ed volumes are
indicated by subscrlpT | for ‘the oil bath and subscript 2 for “the. amblenT Tempera-.
fure Thus the pressure sysfem can be represenfed schemaflcally by the diagram:

in Flgure 4.

. Figure 4_+-Medellhg dlagraonf.fhe pressure test sysfem

- The sysTem was assembled at Temperafure T2 and pressurized to pressure Po
The block was then placed in the oil bath. Since the gas in volume Vi was_al an

elevated Temperalure T, The sysTem S pressure rose to a new higher pressure, Pge

' »
Assuming no leakage durlng this Tlme and ideal gas behavior of The Trapped air,

The flnal pressure will satisfy The foIIOW|ng equaflons
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Figure 2 - Results of pressyre tests in the oll bath
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Figure 3 - Results of pressure tests in the oil bath’
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All of the leakage had to have been from volume | through the gasketry. For the

assumption of ideal gas behavior (a fairly good assumpfion for the pressures and

temperatures encountered in these experiments) the molar leakage rate will be
dn _ |¥y_, Yol dp
d [RT1 TRT) o ()

If we assume that the leakage is large enough so that the flow obeys laws of
continuum mechanics, the following analysis can be performed. The flow will no’
doubt be laminar in view of the low magnitudes of leakage. For isothermal, compress-

ible flow of an ideal gas, the molar flow rate will follow

L= -k(p? - P2 (4)

ojo
i

where Pe is the pressure at the exit of a leakage pore (essentially atmospheric
pressure) and p is the pressure of the inlet, in this case the pressure in the cav-
ity of the closed system. The constant, k, ‘contains such parameters as viscosity,
cross-sectional area available for leakage, and geometry, all of which are constant
over the duration of one leakage test.

Combining equations (3) and (4), we obtain the ordinary differential equation

lL-i-.V—&_ ..d.Ez- 2 . 2
[RTI RTz] e kCp(t) Pe J. (5)

Using the initial condition that p(t=0) = Ps (from equation 2), equation (5) can be
solved to give

Ap(t)-p pe tp 2p_K
log { e f el - _'®©

. o T (6)
P¢ = Pg P(T)+pe Vitvy
Ty T2
2Rkpe
whereK=m.

I'f we substitute the pressure data from the leakage test into the left-hand
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'SIde of equafion (6), the results should be llnear in +lme if this model is .
credlble. Flgures 5 and 6 show The resulls from the five leakage +es+s, the Ilnes
on the graph’ appear to be nearly llnear, glving a degree of confidence to the’ leak—
age model. The slight curvature of the plot of the results ls_probably a reflec-
tlon of entrance effects not accounled.fof in the model. | '
|’ V2"T|’ and T2,
values of K for each of the tests are shown in Table 3. 'The variation from one

Usinngahués of fhe-physlcal»paramefersrV The‘calculafed
test to another is subsfanllal -and probably a consequence of change ln leakage

cross- secllon beTween tests.
Table 3

Leakage Constants for
Pressure Tests

) . : K cm‘3'_
Test No. | - min.°K

| BMI266 | 6.014 x
| emi273 2.556 x
BMI279A | 0.849 x 1075
BMI279B | 1.917 x |
BMI279C | 13.39 x

Average | 4.945 x 105

Model ing the autoclave leakage test

For the experiment in which the Tesfjblocks were. heated -in‘an autoclave for
four hours we can model fherleakage of water Vapor into the block cavity from an
'afmosphere of saturated steam'at 125°C. The external pressure is 33.7 psi, the
vapor pressure of water at l25°C. -Due to leakage; the cavity pressure will asymp-
Tomallcally approach 33 7 psi '

' As before, the molar leakage rate is
_ el k[p () - pg ] E | (7)
where k is of the same form as. in the pressure tests. Substituting the ideal gas

law info. equation (7) and integrating, the cavily‘pressure at time t is
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Figure 5 - Plot of transformed pressure data in the form of equation (6)
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Figure 6 - Plot of transformed pressure data in the form of equation (6)
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Tp, + p(O)] 2p, KRT t ]
[p, = peoy| P~ v—" !
P = Py | =707 S5 RRT 7 8
e o) I e e Al
Pe ™ P}

Substituting for the physical parameters, we find that p(t=24) = 32.53 psi. Thus,
the partial pressure of water in the block at this time is 12,70 psi, and the mass
of the water vapor is‘4.57 X IO"3 gm. After cooling, the water vapor is absorbed
into the silica gel and is apparent in the subsequent weighing of the silica gel.
The experimentally determined net increase in silica gel weight between treatment
and control conditions was .0118 gm. 'Thus, theoretical prediction and experimental
results are within a factor of two of each other which is relatively good when one
considers the undefined |leakage parameterization and the susceptibility to error of

the experimental procedure.

Modeling of the oil bath leakage test

Analysis of this test is possible although a bit more involved than for the
autoclave leakage test. |In this experiment .45 gm of silica gel is brought to
equilibrium with an atmosphere of 80% RH at 22°C. The silica gel is then enclosed
in the cavity of a heating block according to the standard sealing technique, and
heated in an oil bath to 125°C for four hours.

The microleakage for this test is best analyzed by first focusing our atten-
tion on the trapped water. The silica gel contains about 35% or .158 gm water at
22°C. Upon heating to 125°C, most of the water is released by the silfca gel and
either evaporated or left in the liquid state on the surface of the gel. At 125°C,
-0127 gm of water is enough to provide saturated conditions in the block's cavity.
Thus there is an ample supply of liquid water to maintain saturated conditions in
The cavity even with a fair amount of leakage. The partial pressure of the dry air
decreases in time as it is lost from the cavity through microleakage. Thus, the

partial pressures in the block are

PH0 ~ Psat

Pair = z(t) = funcflop of time

To determine the amount of water leakage, we must first determine the rate of

loss of dry air and thus the decrease in total pressure in the cavity. After we
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know the total pressure we can determine the overall ‘leakage raTejand,'Thuég_THé |

water vapor leakage. As before, the molar leakage rate is

.dn

gt ?fék[Piéfal '.ﬁézl

(9)

) - 3 P
K((ogr * D)% - 57
where k is the same leakagé COhsTanT that was used in the preésurenexperimenfs.

The molar rate of | eakage ofvdryféir is

alr air. SR
| = dn (10)
. at Piotal qf 2 ’
‘Combining equations (9) and (lO)'éndisubsTiTufing fhe.ideal gas law we find
: >.2__.2.'.
dz(H) | _ kRT |(Psat ¥ 215y =P L4 an
at V P ¥ z(D)
. : ~ "sat _
which after integration and use of the initial value of z(0), shows
KRT . I n (2O + Psat + Pe)
v - 20pg 4 t pe) (z(1) + Peat t Pe
R i [200) + Psat - pe]
+ — =
2(psaw‘ _ Pe) 2(1) + Psat ~ Pe
. Psat In ’z(f)] , (2)
L o n £ °
2(psqf Po ) 1z(0)

With this implicit solpflon for fhe partial pressure of the dry air in the blocks, .

we now have a formulation for the total pressure as a function of time and, conse-

quently, can determine Tbe'oyéra!L-molar léakage rate. Thus, the molar leakage
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rate of water is

dn k psaT

H0 _ _ 2 _ 9,2
dt Psat + z(t) E(psaf tz1) pe J (13

and the mass of water lost over the 4-hour treatment period is

240 P
= sat 2 21
= + - .
M50 of I8 k 5;;;‘1‘27?7 [[psa* z(tH)] Pe ]d+ (14)

Since we have only an implicff solution for z(t), this integral can be best calcu-
lated numerically. Such a calculation predicts that .08 gm of water should be
lost during the treatment period. The experimentally determined net decrease of
treated over control samples'shows an average loss of .022 gm.

Since water vapor is only .61 as viscous as dry air at 125°C, the parameter
k should be weighted to show its dependency on viscosity, and, therefore, gas
composition. As a first approximation, we can say that the viscosity of the gas
mixture is equal to the mole fractional contributions of the component gases. Thus,

the leakage factor should be for the form

_ Kk )
Kafdal™ T .6lp (15)
sat

z(+) + Poat

Solving a corrected form of equations (12) and (14), the predicted amount of water
loss is .0247 gm.

We believe that this is in rather good agreement with the experimentally
measured loss of .022 gm.

Biological experimental conditions

When the blocks are being used to test bacterial spore survival, the captive
air volume is smaller since no connections to the pressure gauges have to be made

and all of the gas is at temperature T In this analysis, jet the primed parameters

|
denote physical properties during the biological experiments.
The blocks are assembled at temperature Tz, and then immersed into the

ccnstant temperature bath at TI' Thus, the pressure rises following the ideal gas

law to a higher pressure as a consequence of the temperature rise. Let the time
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orugnn be the- time when the block reaches Temperafure T,. Thus, the pressure at

v
~ zero Tlme will be '

L (+ 0) = (I ATM)Y ;% e

As was The ‘case i The pressure Tesfs the rafe of pressure decay is relafed'fe.rhe

-molar flow. -
dp” _RTydn” T e
ar -V;'df L

Since the same ful |-faced gasketry and the same bolt torque: were used, the same
leakage_geomefry;and flow conditions should exist: -The leakage rate can: be-. -

described as

an’ _ oy p- 2,2 S (1
e ‘r (p (1)« Po ) ‘ I | (18)
where +he consfanf k is +he same as. in equation (5), Combfnlng eqeafions (17) and

' (18) and solvnng The subsequenf differenfial equaTion, we geT the expressnon

P P, p7(0) +Pe) _ -k t | (19)
o o= Py P (D) ¥ p_ ” o

i
T
Using the average value of k from Table 3 and physical'meesuremehfs from the various

block sys+ems, The'absolyfe‘pressure during the biological tests would satisfy

: . exp (-.05549t) for flat top blocks (20a)

p (1) - Pe Pt *Pe  fexp (-.01536t) for 1/8" recess blocks  (20b)
PT(O) = pg " PUY ¥ Py lexp (-.008701) for 1/4" recess blocks  (20c)
' | ~ lexp (-.00458+) for 1/2" recess blocks  (20d)

We can rearrange equation (l1) fo give an expression for the absolute pressuee,

|+ Po | - E
prit) _ . p°(0) | + E 21)
PO |, PO I-E (2
, Pe I + E

where E = exp[ _2_iog_k_11] -
L v ) 75
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HUMIDITY CORRECTION FACTOR
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Figure 7 - Humidity correction factor for various block recesses using the
full-faced gaskets during biological tests
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Since the Ieakage safisfies a model based on a continuum scale of gas flow, each -

componen+ gas will escape’ ln proporTnon to its bulk concenfrallon The mole
,fracflon of the water vapor will remain constant in the gas space of The block
The partial pressure, pH 0* and the relative humidity will be funcllons of time.

This becomes apparenf if we manlpulafe the lefl—hand side of equallon (2|)

| y P P (T)/p- : .
b () _p “(4) 20 _ Ph0 H,0 CRHOE _RHGH o

p (0) P (0) yH o szoﬁb) ' pH o(O)/p at BH(O) RH

reported

Figure 7 shows how this correclion factor for- relallve humldlly changes for each

‘block. conflguraflon durlng The course of an experiment. For +he flat-top heating
block the relaflve humidities very quuckly approached a value of 75% the. |an|al
relative humldlly For the I/8" 1/4", and  1/2" recessed blocks, the approach to

the same asympfofe is progressnvely slower.

Modified flaf Teflon gaske? wifh‘lncreased Torg;evof cap screws

"The seal ing sysfem of The heat block was modified to reduce mlcroleakage
The area of the flat Teflon gaskef was reduced from 4.79 to 0. 79 1n2 and the cap
screw torque was Increased from 50 to 100-120 in-ibs. These modlflcaflons increased
the gaskel_sealing pressure by-a'facfor of 12, A drawing of the: modlfled block is
shown in Figure 8. - The new gasket has dimensions of 0.D.=1.625", |1.D.=1.28", and
d= 03I"' The ring is fleed into a slight. recess in the top porllon of the block
which holds the gasket during the.assembly of the block This method of holdlng
The gasket faC|I|Ta+es alignment as the blocks are being assembled.

The modlfled gasket system was pressure tested to delermlne +he effect of the
alterations on the seal ing efflCIency We felt that the pressure test offered the
most direct method for detecting microleakage. -The blocks were pressUrized.in the
manner prevlouslyIUSed for'fésfing'blocks with sTahdard.gaskeTry except that . the
initial pressure was 50 psig Instead of 10 pslg‘ To daTe six tests have been
carried out. . In five cases there was no detectable drop in pressure over the 24-
hour perlodlfhaf the blocks were In the oll bath at 125°C. One block showed a drop
of 4 psi in_24”hodrs, It s possible Thaf_fhls leakage occurred in the Tublng

connections rather than the heat block gaskets. The testing program is continuing.

Summaryﬁ

Gas leakage from pressurized heaflng blocks has been modeled and experimental

data seems to indicate that the model is reasonable. "An appreciable amount of
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deviafion ‘from one run To another is evidenf.' Cross COrreIaTIon’befween differenf o
Ieakage tests s falrly consls*enf Time profiles. for a represenfaflve |eakage ’
- rate are shown for such envuronmenfal properties as pressure, water vapor pressure,
and relative humldlfy _ _ , » '

A new gaskef sysfem has ‘been developed and is being used where MICroleakage
is below the level of measurement when a pressure of 50 psi acts for 24 hours with
the block in the 125°C oil bath. Since this pressuré is in general at Ieas+ fwo
times the max imum pressure in the heat block during testing and the heaTlng
times a+ this pressure usually do. not exceed 8 hours, we believe that we can
proceed to use the heat block system wifh confidence that there is ho significant"
leakage. A regular test program will be instilled to insure that The leakage rates.

remain at these low levels.

D. Fisher
B. Moore
I. Pflug
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